Inquiry as to previous injections elicits the story that a previous wound had been suffered some months before and had been treated at a neighbouring hospital and an injection had been given. Telephone enquiry to this hospital reveals that an injection of tetanus toxoid had been given, no antibiotics, and no arrangements had been made for subsequent injection of toxoid. We cannot blame the paper by Cox et al. for this, save in so far as it denigrated tetanus antitoxin.
Further, it should be well known that once a prophylactic dose of antitoxin has been given, a second injection for a subsequent wound is almost useless. Any hospital department that gives an injection of tetanus antitoxin should therefore regard itself as responsible for persuading the patient to be actively immunized. In the patient I have described with the compound fractures who developed tetanus four months after the injury, such a course of action would almost certainly have prevented the onset of his tetanus. Many hospitals are, in fact, making themselves responsible for this active immunization. In the first thousand clinical records of patients with wounds, drawn from our files this year, only 7 patients had had previous injections of serum without subsequent immunizationcompared with 43 the year before. Three hundred and sixty-one had previously been immunized by means of tetanus toxoid. We would all like to think that next year the number of patients previously immunized will be nearer 1,000 and that those who have been given tetanus antitoxin without subsequent immunization will be nil. This means, therefore, that there should be a national effort to ensure that everyone is actively immunized by tetanus toxoid. In the first place, Maternity and Child Welfare Clinics should make themselves responsible for seeing that everyone is immunized against tetanus, e.g. by the use of triple vaccine. School Health Service Clinics should see that this immunization is maintained. For adults who have escaped this immunization in infancy and childhood, industrial medical departments of all sizes, sports clubs and universities should all feel responsible for initiating or maintaining this active immunization.
In Finland active immunization against tetanus is compulsory. We do not work by compulsion in this country, but surely all these organizations could work by persuasion.
Dr J W G Smith (London School ofHygiene and Tropical Medicine)
Experimental Studies of Tetanus Prophylaxis Tetanus prophylaxis in non-immune wounded patients has depended, since the First World War, on careful surgical cleansing of the wound together with the injection of tetanus antitoxin. Owing to the occurrence of hypersensitivity reactions to antitoxin derived from horses and, also, to the fact that the effectiveness of passive immunization in tetanus has not been completely proved, a number of centres have abandoned tetanus antitoxin in favour of antibiotics such as penicillin . Since this change-over has not been followed by any increase in the incidence of tetanus in treated patients, it is probably true that, in areas where tetanus is uncommon and the standard of surgery high, antibiotics provide an acceptable alternative to antitoxin. It is extremely difficult to assess from field work the relative effectiveness of antitoxin and antibiotics, but from experimental work information can be obtained to help in devising a rational guide to tetanus prevention in nonimmune patients.
Penicillin in Experimental Tetanus Tetanus in mice, produced by intramuscular injection of spores suspended in 2-5 % calcium chloride, could not be prevented by a single injection of benzyl penicillin. However, doses of the order of 10,000 units were found to delay the onset of tetanus until sixty hours, instead of the usual twenty-four hours, after injection of the spores. Small doses of benzathine penicillin were also found to delay the onset of tetanus up to as much as five days, but in larger doses this longacting preparation fully protected infected mice. These observations suggested that the penicillin could prevent multiplication of spores so long as it remained circulating, but in order fully to protect mice it appeared to be necessary to ensure that penicillin circulated for approximately four days. In further experiments it was found that tetanus in mice was prevented provided the serum free penicillin remained above 0-1 unit/mil for over three to four days (Smith 1964c ). It is therefore suggested that when penicillin is used for prophylaxis in man the dosage should aim at providing circulating penicillin for at least four days.
These observations suggest that the penicillin may act only by suppressing multiplication of Clostridium tetani until conditions are no longer suitable for its growth in the wound. If this were the case spores might survive in the tissues and be capable of causing tetanus later. This possibility Section ofEpidemiology andPreventive Medicine 227 was examined experimentally in infected mice in which tetanus had successfully been prevented by a dose of penicillin sufficient to provide circulating antibiotic for fourteen days. When such treated mice were re-injected with calcium chloride at the originally infected site, the surviving spores were activated and fatal tetanus produced in approximately one-third of the mice. The organisms which had survived in the tissues were shown not to be penicillin resistant. It thus appears that penicillin will not necessarily eliminate tetanus spores from a wound and it is therefore possible that patients given penicillin prophylaxis may develop tetanus late after wounding.
Development ofActive Immunity
The possibility was examined that active immunization, first started in non-immune patients at the time of injury, might contribute to the prevention of cases of tetanus developing late after injury. A group of 17 non-immune medical students was immunized with one injection of adsorbed tetanus toxoid, and a group of 6 with plain toxoid. They were bled weekly for six weeks for assay of serum antitoxin. None of the students given plain toxoid responded, but of those given adsorbed toxoid 12 produced more than 001 unit of antitoxin per ml of serum within three weeks, 15 within four weeks and all 17 within five weeks.
In order to test whether the antitoxin first produced in response to a single dose of tetanus toxoid was likely to be protective, guinea-pigs and mice were given an injection of toxoid and at intervals afterwards challenged with tetanus spores and also bled for titration of serum antitoxin. Both in guinea-pigs and in mice it was found that the first appearance of circulating antitoxin was associated with resistance to tetanus infection (Smith 1964b) .
These findings support the view that when penicillin prophylaxis is employed in nonimmune patients, active immunization with adsorbed toxoid should be started at the same time. This procedure not only takes advantage of the opportunity to start the course of active immunization in a receptive patient, but will also play a part in preventing tetanus which might develop late after the injury.
Prophylaxis in Patients TreatedLate after Injury
It would be expected that a stage occurs in the pathological process of tetanus when antitoxin would be capable of preventing clinical tetanus whereas antibiotics would be ineffective. This stage is when toxin has been produced at the site of infection but has not yet reached the central nervous system. An investigation was made in infected mice to demonstrate the existence of this critical stage. It was shown that penicillin was effective when it was given at four hours after infection but not at eight hours, whereas antitoxin fully protected the mice when given at twenty hours after infection (Smith 1964c) .
It is therefore suggested that in patients treated late after injury, antitoxin probably is preferable to antibiotic prophylaxis.
Simultaneous Active andPassive Immunization Whenever horse serum antitoxin is given it should be the aim actively to immunize the patient so that he will not face the risks associated with the re-injection of horse serum proteins on later occasions. This may most conveniently be accomplished by giving the first injection of toxoid at the same time as the antitoxin is given.
Although the injection of antitoxin at the same time as toxoid may interfere with the immunizing activity of toxoid, the immune response is nevertheless satisfactory when adsorbed tetanus toxoid is used. Thus it was shown that excellent antitoxin responses were obtained in 81 out of 82 patients immunized simultaneously, but in opposite arms, with adsorbed toxoid and antitoxin, and given the usual second dose of toxoid (also adsorbed) six weeks later (Smith et al. 1963 ). The preference for adsorbed toxoid for this procedure is also based on a comparison made in guinea-pigs of simultaneous immuniza4 tion with adsorbed and plain toxoid (Smith 1964a) . In this work it was found that the responses obtained when adsorbed toxoid was used were much greater than with plain toxoid, particularly in the early stages of the course of immunization. It was also found that delaying the antitoxin injection until twenty-four hours after giving plain toxoid did not prevent interference, and that when adsorbed toxoid was used the procedure was effective in guinea-pigs that had been sensitized by a previous injection of horse serum.
It is therefore suggested that simultaneous active and passive immunization is practicable and that adsorbed toxoid should be used for this procedure.
